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(57) ABSTRACT

An adjustable spinal implant includes a fixed segment that
slidably supports a locking segment and pivotally supports
an upper segment and a lower segment relative to one
another. The locking segment translates within a channel
defined by the fixed segment between locked and unlocked
positions. In the locked position, the upper and lower
segments are fixed relative to one another and to the fixed
segment. In the unlocked position, the upper and lower
segments are pivotal relative to one another and to the fixed
segment. The adjustable spinal implant includes a locking
mechanism including a locking screw to translate the lock-
ing segment between locked and unlocked positions.
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ADJUSTABLE SPINAL IMPLANT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage Entry of PCT/
US2016/046991, filed Aug. 15, 2016, which claims the
benefit of, and priority to, U.S. Provisional Patent Applica-
tion Ser. No. 62/204,542, filed Aug. 13, 2013. The entire
contents of each of the above applications are hereby
incorporated by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to a device for use in
orthopedic surgeries and, more specifically, to an adjustable
spinal 1mplant and a method for mnserting an adjustable
spinal 1mplant into an intervertebral space.

2. Discussion of Related Art

Stresses acting upon the human spine (or “‘vertebral
column™) may result in a variety of problems or disease
states. For example, intervertebral discs have a high pro-
pensity to degenerate. Overt or covert trauma occurring in
the course of repetitive activities dlsproportlonately aflects
the more highly mobile areas of the spine. Disruption of a
disc’s internal architecture leads to bulging, herniation, or
protrusion of pieces of the disc and eventual disc space
collapse. Any resulting irritation (e.g., mechanical or chemi-
cal) of surrounding neural elements (e.g., spinal cord and
nerves) may cause pain that 1s attended by varying degrees
of disability. In addition, loss of disc space height relaxes
tension on the longitudinal spinal ligaments, thereby con-
tributing to varying degrees of spinal instability such as
spinal curvature.

The time-honored method of addressing the 1ssues of
neural irritation and instability resulting from severe disc
damage have largely focused on removal of the damaged
disc and fusing the adjacent vertebral elements together.
Removal of the disc relieves the mechanical and chemical
irritation of neural elements, while osseous union (1.e., bone
knitting) solves the problem of instability.

While cancellous bone appears 1deal to provide the bio-
logic components necessary for osseous union to occur, it
does not mitially have the strength to resist the tremendous
forces that may occur 1n the intervertebral disc space, nor
does 1t have the capacity to adequately stabilize the spine
until long term bony union occurs. For these reasons,
interbody fusion using bone alone may have an unacceptable
rate of bone grait migration, expulsion, or nonunion due to
structural failures of the bone or residual degrees of motion
that retard or prohibit bony union. Intervertebral prostheses
in various forms have therefore been used to provide imme-
diate stability and to protect and preserve an environment
that fosters growth of gratted bone such that a structurally
significant bony fusion can occur.

Limitations of present-day intervertebral implants can be
significant and revolve largely around the marked varnation
in disc space shape and height which results from either
blologlc Varlablhty or pathologic change. For example, if a
disc space 1s 20 mm 1n height, a circular implant bridging
this gap requires a minimum height of 20 mm just to contact
the end plate of the vertebral bone. Generally, end plate
disruption must occur to allow a generous bony union,
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meaning that an additional 2-3 mm must be added on either
end, resulting i a final gap or space of 24-26 mm to

accommodate the implant. During implantation from an
anterior approach (1.e., from the front of the body), excessive
retraction (1.e., pulling) 1s often required on the great blood
vessels. On the other hand, during a posterior approach,
large 1implant diameters may require excessive traction on
neural elements for adequate placement, even if all posterior
bony elements are removed. In some instances, an adequate
implant size cannot be inserted posteriorly, particularly 1f
there 1s a significant degree of ligamentous laxity requiring,
higher degrees of distraction to obtain stability by tightening
the annular ligamentous tension band. Compromising on
implant size risks sub-optimal stability or a loose 1implant,
which has a greater chance for migration within or expulsion
from the disc space. The alternative of excessively retracting
neural elements to facilitate a posterior implant application
may result in damage to the neural elements.

Therefore, a need exists for an adjustable implant that can
be inserted 1n a collapsed position 1 order to prevent over
retraction of the anatomy or substandard implant sizing and
once the implant 1s 1n place be expanded to fill the anatomi-
cal space appropnately including a desired amount of lor-
dosis.

SUMMARY

Adjustable spinal implants may serve to stabilize adjacent
vertebral elements, thereby facilitating the development of a
bony union between them and thus long term spinal stability
while being inserted 1n a collapsed position.

In an aspect of the present disclosure, an adjustable spinal
implant includes a fixed segment, a locking segment, a lower
segment, an upper segment, and a locking mechanism. The
fixed segment defines a channel that 1s disposed about a
longitudinal axis of the spinal implant. The locking segment
1s translatable within the channel of the fixed segment along
the longitudinal axis between locked and unlocked posi-
tions. The locking segment defines a proximal opening that
passes vertically through a body of the locking segment and
has locking teeth at a distal end portion thereof. The lower
segment 1s pivotally coupled to the fixed segment about a
pivot axis that 1s transverse to the longitudinal axis. The
lower segment has a distal end portion that includes teeth
that oppose the locking teeth. The upper segment 1s pivotally
coupled to the fixed segment about the pivot axis. The upper
segment has a distal end portion which includes teeth that
oppose the locking teeth. The adjustable spinal implant has
a collapsed configuration wherein the distal end portions of
the lower and upper segments define a first height and an
expanded configuration wherein the distal end portions of
the lower and upper segments define a second height greater
than the first height. The locking mechanism 1s engageable
with the locking segment to translate the locking segment
longitudinally between the locked and unlocked positions to
fix the lower and upper segments relative to the fixed
segment.

In aspects, the locking teeth of the locking segment are
engaged with the teeth of the lower and upper segments to
fix the lower and upper segments relative to the fixed
segment to define the locked position.

In some aspects, a bottom surface of the spinal implant 1s
defined by a lower surface of the lower segment and a lower
surface of the fixed segment. In the collapsed configuration
the lower surfaces of the lower segment and the fixed
segment are disposed with the same linear plane and 1n the
expanded configuration the lower surface of the lower
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segment and the lower surface of the fixed segment define a
non-zero first angle therebetween. The first angle may be in
a range ol about 135° to about 179°. The top surface of the
spinal 1mplant may be defined by an upper surface of the
upper segment and an upper surface of the fixed segment. In
the collapsed configuration, the upper surfaces of the upper
segment and the fixed surface are disposed within the same
linear plane. In the expanded configuration, the upper sur-
tace of the upper segment and the upper surface of the fixed
segment may define a non-zero section angle therebetween.
The second angle may be 1n a range of about 1335° to about
179°.

In certain aspects, the distal end portion of the lower
segment may include tines that define a gap therebetween.
Each of the tines may include the teeth that oppose the
locking teeth. The distal end portion of the upper segment
may include a tongue that 1s positionable within the gap
defined between the tines of the lower segment. The tongue
may include the teeth that oppose the locking teeth.

In particular aspects, the locking mechanism may include
a locking screw that 1s disposed within the channel of the
fixed segment and the passage of the locking segment. The
locking mechanism may include a threaded insert that is
disposed on the threaded shank of the locking screw that
engages walls defining the proximal opeming of the locking
segment to transition the locking segment between the
locked and unlocked positions.

In certain aspects, the locking teeth are arcuate 1n a plane
parallel to the longitudinal axis. The locking teeth may have
a semi-circular profile i the plane parallel to the longitu-
dinal axis.

In another aspect of the present disclosure, a method of
iserting an adjustable spinal implant includes positioning
an adjustable spinal implant into an intervertebral space in a
collapsed configuration, unlocking the adjustable spinal
implant when the adjustable spinal implant 1s positioned
within the intervertebral space, transitioning the adjustable
spinal implant to an expanded configuration, and locking the
adjustable spinal implant 1n the expanded configuration. The
distal end portion of the adjustable spinal implant has a first
height 1n the collapsed configuration. Unlocking the adjust-
able spinal implant includes disengaging locking teeth of a
locking segment from teeth of a lower segment and teeth of
an upper segment. Transitioning the adjustable spinal
implant to the expanded configuration includes pivoting the
lower segment, the upper segment, or both segments of the
adjustable spinal implant about a pivot axis 1s defined by a
fixed segment of the adjustable spinal implant such that a
distal end portion of the adjustable spinal implant has a
second height greater than the first height. Locking the
adjustable spinal mmplant in the expanded configuration
includes engaging the locking teeth of the locking segment
with teeth of the lower segment and/or teeth of the upper
segment to fix the lower segment and the upper segment
relative to the fixed segment.

In aspects, unlocking the adjustable spinal 1mplant
includes rotating a locking screw disposed along a longitu-
dinal axis of the spinal implant i a first direction to
proximally translate the locking segment. Locking the
adjustable spinal implant may include rotating the locking
screw 1n a second direction opposite the first direction to
distally translate the locking segment.

In some aspects, positioning the adjustable spinal implant
includes approaching the intervertebral space from an ante-
rior side of a patient’s anatomy. Alternatively, positioning,
the adjustable spinal implant includes approaching the
intervertebral space from a posterior side of a patient’s
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anatomy. It 1s also contemplated that positioning the adjust-
able spinal implant includes approaching the intervertebral
space from a lateral side of a patient’s anatomy.

Further, to the extent consistent, any of the aspects

described herein may be used 1n conjunction with any or all
of the other aspects described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of the present disclosure are described
herein below with reference to the drawings, which are
incorporated in and constitute a part of this specification,
wherein:

FIG. 1 1s a perspective view ol an exemplary adjustable
spinal 1mplant provided in accordance with the present
disclosure;

FIG. 2 1s an exploded view of the adjustable spinal
implant of FIG. 1, with parts separated;

FIG. 3 1s a top view of the adjustable spinal implant of
FIG. 1;

FIG. 4 1s a rear view of the adjustable spinal implant of
FIG. 1;

FIG. 5 1s a side view of the adjustable spinal implant of
FIG. 1 1n an unlocked and compressed configuration;

FIG. 6 1s a side view of the adjustable spinal implant of
FIG. 1 1 a locked and compressed configuration;

FIG. 7 1s a side view of the adjustable spinal implant of
FIG. 1 1 an unlocked and expanded configuration;

FIG. 8 1s a side view of the adjustable spinal implant of
FIG. 1 1 a locked and expanded configuration;

FIG. 9 15 a perspective view ol another locking segment
provided 1n accordance with the present disclosure;

FIG. 10 1s a perspective view ol another lower segment
provided 1n accordance with the present disclosure; and

FIG. 11 1s a perspective view of another upper segment
provided in accordance with the present disclosure.

DETAILED DESCRIPTION

Embodiments of the present disclosure are now described
in detaill with reference to the drawings in which like
reference numerals designate identical or corresponding
clements 1n each of the several views. As commonly known,
the term “clinician” refers to a doctor, a nurse or any other
care provider and may 1nclude support personnel. Addition-
ally, the term “proximal” refers to the portion of the device
or component thereof that i1s closer to the clinician and the
term ““distal” refers to the portion of the device or component
thereof that 1s farther from the clinician. In addition, the term
“cephalad” 1s known to indicate a direction toward a
patient’s head, whereas the term “caudal” indicates a direc-
tion toward the patient’s feet. Further still, the term “lateral”™
1s understood to indicate a direction toward a side of the
body of the patient, 1.e., away from the middle of the body
of the patient. The term “posterior” indicates a direction
toward the patient’s back, and the term “anterior” indicates
a direction toward the patient’s front. Additionally, terms
such as front, rear, upper, lower, top, bottom, and similar
directional terms are used simply for convenience of
description and are not intended to limit the disclosure. In
the following description, well-known functions or con-
structions are not described 1n detail to avoid obscuring the
present disclosure 1n unnecessary detail.

This disclosure relates generally to an adjustable spinal
implant that 1s positionable within an intervertebral space 1n
the anatomy of a patient 1n a compressed configuration and
expandable within the intervertebral space to an expanded




US 10,500,061 B2

S

configuration. The adjustable spinal implant includes a
lower segment and an upper segment that are each pivotally
coupled to a fixed segment and a locking segment that 1s
translatable between a locked position and an unlocked
position to 1ix the lower and upper segments 1n the com-
pressed configuration or one of a plurality of expanded
coniigurations.

Referring to FIGS. 1-5, an exemplary embodiment of an
adjustable spinal implant 10 1n accordance with the present
disclosure includes a fixed segment 20, a locking segment
40, a lower segment 60, an upper segment 80, and a locking
mechanism 90. The spinal implant 10 includes a row of teeth
11 (FIG. 5) 1n a stadium configuration or concentric ovals on
a bottom surface 12. The bottom surface 12 1s defined by a
lower surface 21a of the fixed segment 20 and a lower
surface 61 of the lower segment 60. The spinal implant 10
includes a row of teeth 13 1n a stadium configuration on a top
surface 14 of the spinal implant 10. The top surface 14 1s
defined by an upper surface 215 of the fixed segment 20 and
an upper surface 81 of the upper segment 80.

The fixed segment 20 slidably supports the locking seg-
ment 40 and pivotally supports the lower and upper seg-
ments 60, 80. When viewed from above or below, the fixed
segment 20 1s substantially U-shaped with an open end of
the U-shape facing distally. The fixed segment 20 defines a
channel 22 that passes through the fixed segment 20 to
define a longitudinal axis A-A of the spinal implant 10. The
channel 22 includes a central section 24 and winged sections
26 extending laterally from the central section 24. The
channel 22 1s shaped to slidably receive the locking segment
40 as detailed below. The fixed segment 20 has distally
extending end portions 32 on either side of the channel 22.
Each end 32 defines a lateral opening 34 and reliefs 36. The
lateral openings 34 define a pivot axis P-P that is orthogonal
to the longitudinal axis A-A of the spinal implant 10. Each
lateral opening 34 1s sized to receive a pivot pin 38 which
may be Irictionally secured within a respective one of the
lateral openings 34. The reliefs 36 are defined between the
ends 32 and the lower and upper surfaces 21a, 215 of the
fixed segment 20.

The locking segment 40 1s translatable along the longi-
tudinal axis A-A of the spinal implant 10 to fix the lower and
upper segments 60, 80 relative to the fixed segment 20. The
locking segment 40 has a body 42 which 1s substantially
rectangular in shape when viewed from above or below. The
body 42 defines a first or proximal opening 44 that passes
vertically through the body 42 and a second or distal opening,
46 that passes vertically through the body 42. The proximal
and distal openings 44, 46 are separated by a central wall 45
of the body 42. The body 42 also defines a passage 352 that
extends along the longitudinal axis A-A of the spinal implant
10 and passes through a proximal wall 54 of the body 42 and
the central wall 45 of the body 42. The body 42 also includes
wings 48 that laterally extend from the body 42 adjacent the
proximal wall 54. Fach wing 48 includes a horizontal
section 49q and a vertical section 495 disposed at the end of
the horizontal section 49a. The wings 48 are slidably
received within the winged sections 26 of fixed segment 20
of the spial implant 10. The distal end of the body 42
defines horizontal locking teeth 56 that are orthogonal to the
longitudinal axis A-A of the spinal implant 10.

The lower segment 60 1s pivotally coupled to the fixed
segment 20 by proximally extending ends 62 disposed about
the pivot axis P-P. Each end 62 includes a ring 64 that 1s
positioned 1nside of the ends 32 of the fixed segment 20 and
about the pi1vot axis P-P to receive one of the pivot pins 38
and includes a depression 66 (FIG. 3) that proximally
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extends from the respective ring 64. The depression 66 is
received within a respective reliet 36 of the fixed segment
20. The depression 66 supports a portion of the bottom teeth
11 (FIG. 5) that extend on the respective end 62 of the lower
segment 60 such that the bottom teeth 11 transition smoothly
between the respective end 62 and the respective end 32 of
the fixed segment 20. The lower segment 60 also includes
tines 70 that extend upwardly from a distal end portion of the
lower segment 60 and define a gap 72 therebetween. The
longitudinal axis A-A of the spinal implant 10 passes
through the gap 72. Each of the tines 70 includes proximally
facing horizontal teeth 74 that oppose the locking teeth 56 of
the locking segment 40.

The upper segment 80 1s pivotally coupled to the fixed
segment 20 by proximally extending ends 82 disposed about
the pivot axis P-P. Each end 82 includes a ring 84 that 1s
positioned 1nside of the ends 32 of the fixed segment 20 and
about the pivot axis P-P to receive one of the pivot pins 38.
As shown, the rings 84 are positioned outside of the rings 64
of the lower segment 60; however, 1t 1s contemplated that the
rings 84 may be positioned inside of the rings 64. Each end
82 also includes a depression 86 that proximally extends
from the respective ring 84 and 1s received within a respec-
tive relief 36 of the fixed segment 20. The depression 86
supports a portion of the upper teeth 13 that extend on the
respective end 82 of the upper segment 80 such that the
upper teeth 13 transition smoothly between the respective
end 82 and the respective end 32 of the fixed segment 20.
The upper segment 80 also includes a tongue 88 that extends
downward from a distal end portion of the upper segment
80. The tongue 88 1s moveably disposed within the gap 72
defined between tines 70 of the lower segment 60. The
tongue 88 defines proximally facing horizontal teeth 89
(FIG. 8) that oppose the locking teeth 56 of the locking
segment 40.

The locking mechanism 90 translates the locking segment
40 to selectively fix the lower and upper segments 60, 80
relative to one another. The locking mechanism 90 includes
a threaded sert 92, a locking screw 94, and a bushing 98.
The threaded segment 92 1s disposed within the proximal
opening 44 of the locking segment 40. The locking screw 94
includes a head 95, a threaded shank 96 extending from the
head 95, and a distal end portion 97 extending from the
threaded shank 96. The bushing 98 1s disposed within the
distal opening 46 of the locking segment 40 and 1s secured
about the distal end portion 97 of the locking screw 94.

With reference to FIGS. 5 and 6, the locking segment 40
has an unlocked position (FIG. 5) and a locked position
(FI1G. 6). In the unlocked position, the locking teeth 56 of the
locking segment 40 are spaced apart from the teeth 74, 89 of
the lower and upper segments 60, 80, respectively, such that
the upper and lower segments 60, 80 are pivotable relative
to the fixed segment 20 and one another. In the locked
position, the locking teeth 56 of the locking segment 40 are
engaged with the teeth 74, 89 of the lower and upper
segments, 60, 80, respectively, such that the upper and lower
segments 60, 80 are fixed relative to the fixed segment 20
and one another. It will be appreciated that the locking teeth
56 of the locking segment 40 are dimensioned to engage
teeth 74 of each tine 70 of the lower segment 60 and teeth
89 of the tongue 88 of the upper segment simultaneously.

The locking mechanism 90 translates the locking segment
40 between the unlocked and locked positions. The head 95
of the locking screw 94 1s fixed within the central section 24
of the channel 22 of the fixed segment 20. The head 95 may
include a flange 95a that 1s received within a recess 24a
defined 1n the central section 24 to prevent longitudinal
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movement of the locking screw 94 relative to the fixed
segment 20. The threaded shank 96 (FIG. 3) extends along
the longitudinal axis A-A of the spinal implant 10 within the
channel 22 of the fixed segment 20 and through the passage
52 of the locking segment 40. As the threaded shank 96
passes through the proximal opening 44 of the locking
segment 40, the threaded shank 96 passes through and
threadably engages the threaded insert 92. The threaded
shank 96 extends through the central wall 45 between the
proximal and distal openings 44, 46 of the locking segment
40 and the bushing 98 is secured about the distal end portion
97 of the locking screw 94 to prevent the distal end portion
97 from withdrawing through the central wall 45. The
bushing 98 may engage the central wall 45 to limit distal
translation of the locking segment.

Referring to FIGS. 5 and 7, the spinal implant 10 has a
parallel or collapsed configuration (FIG. 5) and a fully
expanded configuration (FIG. 7). In the collapsed configu-
ration, the lower segment 60 and the upper segment 80 are
approximated relative to one another such that lower surface
61 of the lower segment 60 and the upper surface 81 of the
upper segment 80 are substantially parallel to one another. In
addition, 1n the collapsed configuration, the lower surface 61
of the lower segment 60 1s aligned with lower surface 21a
of the fixed segment 20 such that the bottom surface 12 of
the spinal implant 10 1s substantially planar and the upper
surface 81 of the upper segment 80 1s aligned with the upper
surface 215 of the fixed segment 20 such that the top surface
14 of the spinal implant 10 1s substantially planar. In the
collapsed configuration, the tines 70 of the lower segment 60
may abut the upper segment 80 and/or the tongue 88 of the
upper segment 80 may abut the lower segment 60 to limit the
pivoting of the lower and upper segments 60, 80 relative to
the fixed segment 20. With particular reference to FIG. 6, in
the collapsed configuration the lower and upper segments
60, 80 form a beveled distal or leading end 18 (FIG. 6) of the
spinal implant 10.

In one of a plurality of expanded configurations (i.e., any
configuration between the fully compressed configuration
and the fully expanded configuration), the lower and upper
segments 60, 80 are pivoted apart from one another about
the pivot axis P-P such that the lower surface 61 of the lower
segment 60 and the upper surface 81 of the upper segment
80 are askew relative to one another. As shown 1n FIG. 7, the
lower surface 61 of the lower segment 60 defines an angle
0, with the lower surface 21a of the fixed segment 20 and the
upper surface 81 of the upper segment 80 defines an angle
0, between upper surface 215 of the fixed segment 20. In the
expanded configurations at least one of the angles 0, and 0,
1s 1n a range between about 150° and about 175° such that
a height of the spinal implant 10 between the lower surface
61 of the lower segment 60 and the upper surface 81 of the
upper segment 80 adjacent the tines 70 and the tongue 88 1s
greater than the height of the fixed segment 20 between the
lower and upper surfaces 21a, 215 thereof. It 1s contem-
plated that 1n the expanded configurations each of the angles
0, and 0, may be 1n a range of about 150° to about 180° (e.g.,
about 165°). The interaction of the depressions 66, 86 of the
lower and upper segments 60, 80, respectively, and the
reliets 36 of the fixed segment 20 may form stops to limit the
range of angles 0, and 0,.

It will be appreciated that manufacturing the spinal
implant 10 by standard metal machiming methods (e.g.,
using a lathe, mill, EDM, etc.) may be dithicult. Instead, 1t 1s
contemplated that the spinal implant 10 are manufactured
using additive manufacturing methods. One such additive
manufacturing method commonly referred to as Selective
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Laser Powder Processing (SLPP) utilizes powdered metal
and a laser which sinters or cures the metal 1n a selective
fashion according to the design intent in thin layers, e.g.,
layers may have a thickness of about 250 um. The object
(e.g., spinal implant 10) 1s built layer by layer to allow for
more design options and features which would be diflicult to
be machined. In addition, as spinal implant 10 1s individu-
ally manufactured, 1t 1s possible to customize the spinal
implant 10 for a designated patient. Suitable manufacturing
methods are disclosed 1in U.S. Pat. No. 8,590,157, the entire
contents of which are hereby incorporated by reference
herein.

The spinal implant 10 may be constructed from titanium,
a titantum-alloy, a cobalt-chromium alloy, a ceramic, or any
other suitable biocompatible material. It 1s also contem-
plated that the spinal implant 10 may be three-dimensionally
printed from a biocompatible polymer.

Referring to FIGS. 5-8, a method of 1nserting the adjust-
able spinal implant 10 1nto a desired intervertebral space 1s
disclosed 1n accordance with the present disclosure. Initially
referring to FI1G. 6, the spinal implant 10 1s in the collapsed
configuration with the locking segment 40 1n the locked
position. In such a configuration, the spinal implant 10 has
a minimum height to aid 1n insertion of the spinal implant 10
into the desired intervertebral space with each of the angles
0, and 0, about 180°. As shown 1n FIG. 6, in the collapsed
configuration, the lower segment 60 and the upper segment
80 cooperate to form the beveled leading end 18 of the spinal
implant 10 which may further assist in insertion of the spinal
implant 10 into the desired intervertebral space. As detailed
above, the locking segment 40 1s in the locked position, to
prevent the lower and upper segments 60, 80 from pivoting
relative to the fixed segment 20. An insertion tool (not
shown) may engage the channel 22 of the fixed segment 20
of the spinal implant 10 to insert the spinal implant 10 into
the desired intervertebral space. It 1s contemplated that an
anterior approach or a posterior approach may be used to
insert the spinal implant 10 1n accordance with the disclosed
method. Alternatively, 1t 1s contemplated that a lateral
approach may be used to insert the spinal implant 1n accor-
dance with the disclosed method.

When the spinal implant 10 1s positioned 1n a desired
intervertebral space, a rotatable instrument (not shown) 1s
inserted nto the channel 22 to engage the head 95 of the
locking screw 94. The rotatable instrument may be a screw-
driver or similar mstrument and may be integrally formed
with the 1nsertion tool such that the rotatable instrument 1s
engaged with the head 95 of the locking screw 94 during
insertion of the spinal implant 1nto the desired intervertebral
space. Alternatively, the rotatable instrument may be a
separate 1nstrument such that the insertion istrument 1s
removed before the rotatable instrument engages the head 95
of the locking screw 94. Further, 1t 1s contemplated that the
rotatable instrument may be inserted through the insertion
instrument such that the insertion tool may remain engaged
with the channel 22 of the fixed segment 20 when the
rotatable instrument engages the head 95 of the locking
screw 94.

With the rotatable instrument engaged with the head 95 of
the locking screw, the rotatable instrument is rotated to effect
rotation of the locking screw 94 in a first direction such that
the threaded insert 92 i1s proximally translated along the
threaded shank 96 of the locking screw 94. As the threaded
isert 92 1s proximally translated along the threaded shank
96, the threaded insert 92 engages the proximal wall 54 of
the locking segment 40 that defines the proximal opening 44
of the locking segment 40 to proximally translate the locking
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segment 40 towards the unlocked position as shown 1n FIG.
5. As the locking segment 40 translates proximally, the
locking teeth 56 of the locking segment 40 are disengaged
from the teeth 74 of the lower segment 60 and the teeth 89
of the upper segment 80.

When the spinal implant 10 1s positioned in the desired
intervertebral space with the locking segment 40 in the
unlocked position, at least one of the lower and upper
segments 60, 80 1s pivoted relative to the fixed segment 20
about the pivot axis P-P towards an expanded configuration
as shown in FIG. 7. An expansion instrument may be used
to pivot the lower and upper segments 60, 80 about the pivot
axis P-P. As the lower and upper segments 60, 80 are pivoted
about the pivot axis P-P, the spinal implant 10 1s transitioned
towards the expanded configuration until the leading end 18
of the spinal implant 10 has a desired height. Upon expan-
sion each of the angles 0, and 0, may bin 1n a range of about
150° to about 180°. More preferably, in the expanded
configuration each of the angles 0, and 0, are between about
160° and about 170°. Most preferably, in the expanded
configuration each of the angles 0, and 0, are about 165°.
When the distal end portion 18 of the spinal implant 10
reaches a desired height, the rotatable instrument nserted in
the channel 22 i1s rotated to eflect rotation of the locking
screw 94 1n a second direction opposite the first direction to
distally translate the threaded insert distally along the
threaded shank 96 of the locking screw 94. As the threaded
isert 92 1s translated distally along the threaded shank 96,
the threaded insert 92 engages the central wall 45 of the
locking segment 40 to translate the locking segment 40
distally towards the locked position until the locking teeth
56 of the locking segment 40 are engaged with the teeth 74
of the lower segment 60 and the tecth 89 of the upper
segment 80 to fix the lower segment 60 and the upper
segment 80 1n the expanded configuration as shown 1n FIG.
8. As the threaded insert 92 engages the central wall 45 of
the locking segment 40, the bushing 98 may engage the
central wall 45 to retain the locking screw 94 within the
locking segment 40. With the spinal implant 10 1n the
expanded configuration and the locking segment 40 1n the
locked position, the rotatable mstrument 1s then withdrawn
from the channel 22 to disengage from the head 95 of the
locking screw 94.

Referring now to FIGS. 9-11, an alternative locking
segment 140, lower segment 160, and upper segment 180
are provided 1n accordance with the present disclosure. The
locking segment 140, the lower segment 160, and the upper
segment 180 are similar to the locking segment 40, lower
segment 60, and upper segment 80, respectively, with like
teatures represented with a similar label with a *“1” prefix.
For reasons of brevity, only the differences with respect to
the locking segment 140, the lower segment 160, and the
upper segment 180 will be detailed below.

With particular reference to FIG. 9, the locking segment
140 1ncludes arcuate horizontal locking teeth 156 1n a plane
substantially parallel to the longitudinal axis A-A of the
spinal implant 10. As shown, the arcuate horizontal locking
teeth 156 have a semi-circular profile of about 180 degrees
in a plane substantially parallel to the longitudinal axis A-A,
¢.g., when viewed from above. It 1s contemplated that the
arcuate horizontal locking teeth 156 may form a circular
profile 1n a range of about 75 degrees to about 215 degrees.

With particular reference to FIG. 10, the lower segment
160 includes tines 170 that extend upwardly from a distal
end portion of the lower segment 160 and define a gap 172
therebetween. Each of the tines 170 includes proximally
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facing arcuate horizontal teeth 174 that oppose the arcuate
locking teeth 156 of the locking segment 140.

With reference to FIG. 11, the upper segment 180 includes
a tongue 188 that extends downward form a distal end
portion of the upper segment 180. The tongue 188 1s
moveably disposed within the gap 172 that 1s defined
between the tines 170 of the lower segment 160. The tongue
188 defines proximally facing arcuate horizontal teeth 189
that oppose the locking teeth 156 of the locking segment
140.

The engagement of the arcuate locking teeth 156 and the
arcuate horizontal teeth 174 of the lower segment 160 and
the arcuate horizontal teeth 189 of the upper segment may
provide increased engagement area as compared to the
locking teeth 56 detailed above. The increased engagement
arca may allow the spinal implant 10 to withstand additional
loading which may be seen in lower portions of the spine
(e.g., the lumbar or sacrum regions).

While several embodiments of the disclosure have been
shown 1n the drawings, 1t 1s not mntended that the disclosure
be limited thereto, as it 1s intended that the disclosure be as
broad 1n scope as the art will allow and that the specification
be read likewise. Any combination of the above embodi-
ments 1s also envisioned and 1s within the scope of the
appended claims. Therefore, the above description should
not be construed as limiting, but merely as exemplifications
of particular embodiments. Those skilled in the art will
envision other modifications within the scope and spirit of
the claims appended hereto.

What 1s claimed:

1. An adjustable spinal implant comprising:

a fixed segment defining a channel disposed about a

longitudinal axis of the spinal implant;

a locking segment translatable within the channel of the
fixed segment along the longitudinal axis between a
locked position and an unlocked position, the locking
segment defining a proximal opening passing vertically
therethrough, the locking segment having a distal end
portion including locking teeth;

a lower segment pivotally coupled to the fixed segment
about a pivot axis that 1s transverse to the longitudinal
axis, the lower segment having a distal end portion
including teeth that oppose the locking teeth;

an upper segment pivotally coupled to the fixed segment
about the pivot axis, the upper segment having a distal
end portion including teeth that oppose the locking
teeth, the adjustable spinal implant having a collapsed
configuration wherein the distal end portions of the
lower and upper segments define a first height and an
expanded configuration wherein the distal end portions
of the lower and upper segments define a second height
greater than the first height; and

a locking mechanism engageable with the locking seg-
ment to translate the locking segment longitudinally
between locked and unlocked positions to fix the lower
and upper segments relative to the fixed segment; and

wherein, 1 the unlocked position, the locking teeth are
longitudinally spaced apart from the teeth of the lower
and upper segments.

2. The adjustable spinal implant according to claim 1,
wherein the locking teeth of the locking segment are
engaged with the teeth of the lower and upper segments to
fix the lower and upper segments relative to the fixed
segment to define the locked position.

3. The adjustable spinal implant according to claim 1,
wherein a bottom surface of the spinal implant 1s defined by
a lower surface of the lower segment and a lower surface of
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the fixed segment, and wherein in the collapsed configura-
tion the lower surfaces of the lower segment and the fixed
surface are disposed within the same linear plane and 1n the
expanded configuration the lower surface of the lower
segment and the lower surface of the fixed segment define a
non-zero {irst angle therebetween.

4. The adjustable spinal implant according to claim 3,
wherein the first angle 1s 1n a range of 133° to 179°.

5. The adjustable spinal implant according to claim 1,
wherein a top surface of the spinal implant i1s defined by an
upper surface of the upper segment and an upper surface of
the fixed segment, and wherein in the collapsed configura-
tion the upper surfaces of the upper segment and the fixed
surface are disposed within the same linear plane and 1n the
expanded configuration the upper surface of the upper
segment and the upper surtace of the fixed segment define a
non-zero second angle therebetween.

6. The adjustable spinal implant according to claim 5,
wherein the second angle 1s 1n a range of 135° to 179°.

7. The adjustable spinal implant according to claim 1,
wherein the distal end portion of the lower segment includes
tines that define a gap therebetween, each tine including the
teeth that oppose the locking teeth.

8. The adjustable implant according to claim 7, wherein
the distal end portion of the upper segment includes a tongue
positionable within the gap defined between the tines of the
lower segment, the tongue including the teeth that oppose
the locking teeth.

9. The adjustable spinal implant according to claim 1,
wherein the locking mechanism includes a locking screw
disposed within the channel of the fixed segment and the
passage ol the locking segment.

10. The adjustable implant according to claim 9, wherein
the locking mechanism includes a threaded insert disposed
on a threaded shank of the locking screw to engage walls
defining the proximal opening of the locking segment to
transition the locking segment between the locked and
unlocked positions.

11. The adjustable spinal implant according to claim 1,
wherein the locking teeth are arcuate in a plane parallel to
the longitudinal axis.

12. The adjustable implant according to claim 11, wherein
the locking teeth have a semi-circular profile in the plane
parallel to the longitudinal axis.

13. A method of inserting an adjustable spinal implant, the
method comprising:

positioning an adjustable spinal implant into an interver-

tebral space 1 a collapsed configuration, a distal end
portion of the adjustable spinal implant having a first
height 1n the collapsed configuration;
unlocking the adjustable spinal implant when the adjust-
able spinal implant 1s positioned within the interverte-
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bral space by disengaging locking teeth of a locking
segment from teeth of a lower segment and teeth of an
upper segment such that the locking teeth are longitu-
dinally spaced apart from the teeth of the lower and
upper segments;

transitioning the adjustable spinal implant to an expanded

configuration by pivoting at least one of the lower
segment or the upper segment of the adjustable spinal
implant about a pivot axis defined by a fixed segment
of the adjustable spinal implant such that a distal end
portion of the adjustable spinal implant has a second
height greater than the first height; and

locking the adjustable spinal implant in the expanded

configuration by engaging the locking teeth of the
locking segment with the teeth of the lower segment
and the teeth of the upper segment to fix the lower
segment and the upper segment relative to the fixed
segment.

14. The method according to claim 13, wherein unlocking
the adjustable spinal implant includes rotating a locking
screw disposed along a longitudinal axis of the spinal
implant 1n a {first direction to proximally translate the locking
segment, and wherein locking the adjustable spinal implant
includes rotating the locking screw in a second direction
opposite the first direction to distally translate the locking
segment.

15. The method according to claim 14, wherein position-
ing the adjustable spinal implant includes approaching the
intervertebral space from an anterior side of a patient’s
anatomy.

16. The method according to claim 14, wherein position-
ing the adjustable spinal implant includes approaching the
intervertebral space from a posterior side of a patient’s
anatomy.

17. The method according to claim 13, wherein position-
ing the adjustable spinal implant includes approaching the
intervertebral space from an anterior side of a patient’s
anatomy.

18. The method according to claim 13, wherein position-
ing the adjustable spinal implant includes approaching the
intervertebral space from a posterior side of a patient’s
anatomy.

19. The adjustable spinal implant according to claim 1,
wherein any one of the locking teeth of the locking segment
simultaneously engages at least one of the teeth of each of
the lower and upper segments.

20. The adjustable spinal implant according to claim 1,
wherein the lower and upper segments are pivotally coupled
to the fixed segment by a pivot pin.
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